INTRODUCTION
Adequate hospital care for older people (≥65 years) with acute medical disorders requires a comprehensive assessment by multidisciplinary teams to detect early those patients at highest risk of functional decline and institutionalisation. [1] [2] [3] Such care also requires early planning for discharge, and follow-up. [1] [2] [3] The primary aim of this model of care is to reduce functional decline, which is the main determinant of quality of life, cost of care, and vital prognosis. 4 Delaying functional decline and increasing the chances of living at home are at least as important as reducing case fatality in frail older people. 2 Several interventions have been proposed to improve the effectiveness and efficiency of hospital care for older people with acute medical disorders. Assessment of geriatric patients by a multidisciplinary consultation team has not, however, shown benefits for case fatality, functional decline, or place of residence at discharge. 2 5 Hospital at home care for elderly medical patients reduces hospital stay but increases overall length of care, and objective evidence of economic benefit is insufficient. 6 Another type of intervention is that provided by multidisciplinary geriatric teams in "acute care for elders units" or acute geriatric units. Previous reviews lumped such units with geriatric evaluation and management units, which normally care for elderly people after stabilisation of an acute condition. 2 7-9 Other reviews have focused on partial aspects of acute care such as discharge planning or physiotherapy. 10 11 To our knowledge only one review has been published on the effectiveness of acute geriatric units, and that provided only descriptive data. 12 We systematically reviewed studies on the effect of acute geriatric units compared with conventional hospital care in the treatment of older people with acute medical disorders. We hypothesised that acute geriatric units would reduce functional decline, increase the proportion of patients able to live at home after discharge, reduce case fatality, and result in shorter hospital stays than conventional hospital units.
METHODS
Our review included randomised trials, non-randomised trials, and case-control studies that compared outcome of care in acute geriatric units with that in conventional hospital units in patients aged 65 years or more with acute medical disorders. Acute geriatric units were defined as hospital units with their own physical location and structure and run by a specialised multidisciplinary team with direct responsibility for the care of elderly people with acute medical disorders, including acute exacerbations of chronic diseases. This definition is based on seminal research on acute geriatric units 1 2w3 w6 and is consistent with previous definitions in this discipline; for example, two studies stated that an acute geriatric unit is an interdisciplinary model for providing care to older adults during admission to hospital for an acute medical illness. 4 13 These studies agreed with those of other authors that the acute geriatric unit is a defined medical unit that uses an interdisciplinary team specialising in geriatric care to provide increased attention to a patient's level of functioning, specific treatment of diagnoses common to older people, and integrated planning of discharge to maximise clinical outcomes.
4 13w5 w9 w10 Patients are admitted to acute geriatric units for acute problems such as pneumonia, heart failure, sepsis, delirium, urinary tract infections, or chronic obstructive pulmonary disease, which do not require treatment in other specialised units (for example, intensive care unit or coronary unit).
We excluded studies that used secondary data from databases designed for the purposes of healthcare administration, with information not collected directly from the patients by the researchers. We also excluded studies that evaluated interventions aimed at a specific medical disorder (for example, stroke units, psychogeriatric units) or surgical process (for example, orthogeriatric units). To ensure we did not include studies that evaluated care provided out of the acute phase we excluded studies that assessed units with care lasting beyond the acute phase and those with patients admitted to the intervention unit three or more days after hospital admission.
Outcome variables
The primary outcomes were functional decline, living at home, and case fatality at discharge and three months later. We considered functional decline to be loss of independence in one or more basic activities of daily living compared with the situation before admission. 4 14 To assess basic activities of daily living we used the Katz index and the Barthel index; each basic activity (transfers, mobility, dressing, eating, bathing) was classified as independent or dependent according to the need for physical assistance to carry out the activity.
14w3 w6 w10 The secondary outcomes were hospital stay during the index admission, the cost of the index admission, and readmission at three months after discharge.
Literature search and data extraction We searched Medline, Embase, and the Cochrane central register of controlled trials up to 31 August 2008 (see web extra appendix for search strategy) and scanned the reference lists of reviews and relevant articles. We included articles in English and Spanish. To obtain information on unpublished studies or to complete data for published studies on the hospital unit, patients' characteristics, hospital stay, and costs we contacted the authors.
Two investigators (JJB and FS) evaluated the eligibility and methodological quality of studies obtained from the literature search. In cases of discrepancy a third researcher (JLA) reviewed the studies, and agreement was reached by consensus. JJB and FS independently extracted and compared the data.
Quality assessment
For randomised trials we extracted information on concealment of allocation, the proportion of patients lost to follow-up, the use of intention to treat analysis, and whether the assessment of outcomes was done blinded to intervention group. For non-randomised trials we recorded only losses to follow-up and type of outcome assessment.
We summarised the overall quality of randomised trials with the Jadad scale, excluding blinding of the intervention as this is not possible for acute geriatric units. 9 15 Thus the scores ranged from 0 to 3. For all studies we also used the Van Tulder scale, scored from 0 to 19 (highest quality), which has been used in other systematic reviews of interventions in the care of elderly people. 16 
Data synthesis
For dichotomous outcomes we give the results as combined odds ratios with 95% confidence intervals and for quantitative outcomes as differences in means with standard errors. We used fixed effects methods to combine the outcomes across studies, except when important heterogeneity was observed. Heterogeneity was quantified with the I 2 statistic, which measures the percentage of variation among studies due to heterogeneity rather than to chance. For practical purposes we considered heterogeneity to be important when I 2 was more than 30%. When it was considered appropriate to combine results in these cases, we used random effects methods. 17 When we were unable to retrieve the standard deviation for length of hospital stay and cost of hospital admission, we approximated it from the standard error and 95% confidence intervals. 18 When we were unable to estimate the standard deviation, we contacted the authors; this was provided for one study. w6 In three studies w1 w3 w11 we had to assume that the standard deviation was the same as the mean. Finally, given that we had specific data from each of the two centres that participated in one of the studies, w1 we considered them as independent studies for the analysis of hospital stay and its cost.
Although we created funnel plots to identify possible publication biases, these proved difficult to interpret given the small number of studies. Statistical analyses were carried out using RevMan 4.3 (Cochrane Collaboration).
RESULTS
The literature search yielded 4038 articles. After review of the titles and abstracts 119 articles were selected for critical reading. Twelve articles totalling 11 studies met the inclusion criteria (fig 1) . Seven of these were done in the United States and the remainder in Australia, Canada, Sweden, and Peru. Authors of five studies were contacted for additional data, w3 w5 w6 w9 w10 but for only one w6 was unpublished data on patients' living at home after discharge and at three months used.
The table presents the principal characteristics of the included studies. Five were randomised trials, w1-w6 four were non-randomised trials, w7-w10 and two were retrospective case-control studies.
w11 w12
The methodological quality of the studies was heterogeneous, especially for non-randomised trials (table) . Three of the randomised trials used sealed envelopes to allocate patients to groups. w3 w5 w6 Only one of them did an intention to treat analysis at discharge, but this was not done at follow-up. w6 Of the four non-randomised trials, three used informal procedures for allocation based on bed availability. w7 w9 w10
Criteria for patient selection were age plus a medical condition not requiring admission to specialty units. Five studies included patients aged 70 or more, w2 w7 three aged 65 or more, w1 w10 w11 and one aged 75 or more.
w9 One study selected patients aged 75 or more with at least one geriatric condition.
w8 Finally, one study selected patients aged 65 or more who were admitted for heart failure, pneumonia, or urinary tract infection.
w12 Two studies excluded older people (≥70 years) living in a nursing home, w2 w6 whereas another w11 included only those who lived in a nursing home.
In four of the five randomised trials all the patients came from emergency services, w2-w6 whereas in three non-randomised studies more than 62% came from emergency services.
w7 w9 w10 Three studies did not provide this information.
w8 w11 w12
The intervention units functioned in similar ways, generally having four characteristics that distinguished them from conventional units: comprehensive geriatric assessment of patients, use of standardised instruments for measurements, weekly multidisciplinary meetings, and early planning of discharge. The composition of the basic multidisciplinary team typically included at least one geriatrician, nursing staff trained in geriatrics, a social worker, and therapists.
The follow-up period varied. All the randomised studies except one w1 provided follow-up data at three months, at a minimum. Five studies reported on readmissions, two at three months after discharge w3 w5 and three at one month after discharge. w6 w9 w11
Functional decline
Only three studies presented results on functional decline at discharge, two of which were randomised trials (fig 2) . In these two studies, which accounted for more than 65% of patients in the randomised trials, the patients in acute geriatric units showed a lower risk of functional decline than those in conventional units (combined odds ratio 0.82, 95% confidence interval 0.68 to 0.99). After the inclusion of a non-randomised study, results were similar (0.78, 0.65 to 0.94) but showed greater heterogeneity (I 2 =55.7%) because of the large reduction in functional decline in the acute geriatric unit in that study (0.35, 0.17 to 0.76). Only one study w6 provided data on functional decline at three months after discharge, with no differences in the incidence of functional decline between the groups. Another three randomised studies provided data that could not be analysed but reported an absence of differences in functional decline at three months after discharge.
w2 w3 w5
Living at home In randomised studies, patients cared for in acute geriatric units were more likely to be living at home after discharge (1.30, 1.11 to 1.52) , a benefit that was marginally maintained three months after discharge (fig 3) . Results at discharge still held when analyses were repeated including non-randomised studies (1.28, 1.12 to 1.47).
Acute geriatric units and conventional care units showed no differences in frequency of admission to a nursing home at discharge (0.76, 0.51 to 1.28) or three months after discharge (0.90, 0.74 to 1.14).
Case fatality
No significant differences were found in case fatality between acute geriatric units and conventional care units either in hospital or three months after discharge (fig 4) . The results were similar in the randomised and non-randomised studies, although in the randomised studies case fatality at discharge ranged between 2.5% and 9% whereas in the non-randomised studies it exceeded 10%.
Length of hospital stay and cost of admission
All the included studies reported on length of hospital stay, but three did not report dispersion measures. The length of stay in the acute geriatric units was fewer than 12 days, and fewer than nine days in the studies published from 1995. In nine of the 11 studies a trend was observed towards a reduced length of stay, of 6-39%.
w1 w3 w5 w6 w8-w12 However, the reduced length of stay was heterogeneous among studies; I 2 was 49.4% in the randomised studies and 74.1% in the non-randomised studies. This heterogeneity limits firm conclusions being reached on this outcome.
Data on the cost of hospital stay were reported in four of the five randomised studies w1 w3-w6 and in three of the six non-randomised studies.
w7 w8 w12 The US dollar was used in all studies except for one that used Swedish crowns, with the dollar conversion calculated according to the exchange rate provided by the authors. w5 Although the data are difficult to interpret because they did not allow cost effectiveness ratios to be estimated, a slightly, yet significant, lower cost of hospital care was found in acute geriatric units (combined mean difference −0.31, 95% confidence interval −0.52 to −0.09; I 2 =0%). Two randomised studies w3 w5 provided data on readmissions to hospital at three months after discharge, and another randomised study w6 and two nonrandomised studies reported on readmissions in the month after discharge.
w9 w11 Another two studies w7 w12
provided data in a format that was not useful for analysis. The combined odds ratio for readmission at three months in patients discharged from acute geriatric units compared with conventional units in all studies was 0.93 (95% confidence interval 0.77 to 1.11) and in the randomised studies was 1.11 (0.92 to 1.35).
Sensitivity analysis
Separate analyses for the randomised studies and the other studies provided similar results, except that the reduction in hospital stay was larger in the nonrandomised studies. The analysis was repeated after excluding the oldest studies (those published before 1995 and that lacked a geriatrician), and after assuming adverse results in people lost to follow-up or lacking data on outcomes. No substantial changes in the results were found in any of these cases.
DISCUSSION
The results of this meta-analysis suggest that care of older people (≥65 years) with acute medical disorders in acute geriatric units leads to less functional decline at discharge and a higher probability of living at home after discharge. The effect of geriatric assessment has been evaluated in different care settings. 8 In the case of patients admitted to hospital for acute medical disorders, only the activity of multidisciplinary consultation teams has been assessed, with no benefits found for case fatality, functional decline, or living at home after discharge. 2 Since admission to hospital is a risk factor for case fatality, functional decline, and admission to a nursing home, any intervention that helps reduce this risk is potentially important. 19 The 18% reduction in functional decline associated with acute geriatric units is similar to that found in a study of patients aged 65 or more with acute medical disorders who received physiotherapy within multidisciplinary care. 11 Furthermore, the benefit of living at home after discharge was comparable to that reported in another study in the combined analysis of acute and subacute hospital care units. 2 This improvement in functional outcomes was not accompanied by an increased rate of admissions at three months or increased case fatality. Although the tendency towards a higher probability of living at home was maintained at three months after discharge from an acute geriatric unit, the reduction in functional decline was seen only at discharge; thus future studies should examine whether it persists in the medium term. We did not find a reduction in case fatality either at discharge or at three months follow-up. This is a common finding in studies of very old (frequently aged 80 or more) or frail people. In fact, several authors and older people too feel that improving case fatality at the expense of disability and dependence should not be considered an optimal outcome. 2 20 Characteristics of acute geriatric unit The studies reviewed provide limited information about the characteristics and form of operation of the conventional hospital units. This is important because the effect of acute geriatric units is measured by comparison with these units and could vary locally depending on the characteristics of conventional hospital units. Although the acute geriatric units in this review all included therapists as part of the normal working team (table), in general they did not have more staff than the conventional units, so that the differences between them seem to centre on specialisation and organisation of work. The distinctive feature of acute geriatric units is the comprehensive geriatric assessment and care focusing on patients' needs, interdisciplinary work carried out by a core team of professionals (geriatrician, nursing staff trained in geriatrics, therapists, and social worker), and early planning of discharge. Other studies have evaluated partial aspects of this specialised care, such as early discharge planning or physiotherapy alone, 10 11 without finding conclusive results, indicating that the benefit may derive from a combination of these inter ventions.
2 Specialisation in the care of elderly people and formal interdisciplinary meetings (ranging from once a week in three studies to more than once a week in five studies) may contribute to the benefits of care in acute geriatric units, as has been shown in patients with stroke or hip fracture. 21 22 Another aspect of acute geriatric units that might contribute to their effectiveness, compared with the lack of benefits from geriatric consultation teams, is direct responsibility for the patient, which ensures compliance with diagnostic and therapeutic recommendations and the implementation of the care plan. In general the working method of the acute geriatric unit is similar to that of the geriatric evaluation and management unit, although more intensive. These two units complement each other in providing care; in some places, such as the United Kingdom, services may even be found where care in the acute hospital phase is complemented by subsequent care in the same unit to promote functional recovery and return home. 23 The benefit of care in the subacute phase is better established, however, since geriatric evaluation and management units are the units most often studied in evaluating the impact of comprehensive geriatric assessment in hospital. 2 8 Separate analysis of intervention in the acute hospital phase makes it possible to assess the impact of early specialised intervention in older people. The incidence of functional decline is highest in this early phase, 14 24 which increases the risk of admission to a nursing home and death. 25 
Patients and case mix
The operational definition of acute geriatric unit used in this review was inclusive, allowing information to be combined across healthcare systems in different parts of the world. This serves to increase generalisability of results while retaining internal validity, because metaanalytic techniques ensure that the data for each acute geriatric unit are compared only with those of the standard care group in each trial. A potential drawback of combining data across healthcare systems is that our results might not apply to those systems where standards of care had evolved substantially from those prevailing when trials in this review were done.
The operational definition of acute geriatric unit also allowed for variation in the case mix between units, resulting from the existence of other specialised units, mainly intensive care units and coronary units, which attend to patients who would otherwise be cared for in acute geriatric units or transferred to other hospitals. In fact, in three of the randomised trials in this review, the hospitals had specialised units distinct from acute geriatric units w3 w5 w6 ; also certain variation between studies was seen in the diagnostic groups at admission ( effectiveness of acute geriatric units should be a priority for future research. The randomised studies in our review selected patients based on their age (generally ≥70 years). It has been suggested that those patients who will benefit most from acute geriatric units are the frailest elderly, regardless of the condition leading to admission. 2 3 Our analysis did not allow us to draw such conclusions, although in most studies evaluated the mean age of the intervention and control groups exceeded 80 years. Four studies reported baseline dependency in at least one basic activity of daily living, which ranged between 40% and 60%. w3 w5 w6 w10 Advanced age and dependence in basic activities of daily living are independently associated with a higher risk of adverse events during hospital stay and of greater functional decline at discharge. 19 24 25 However, only two studies evaluated the incidence of functional decline in people older and younger than 80 years, and in those who were independent or with some dependence in basic activities of daily living. In both studies the benefit of the intervention was observed in all patient subgroups.
w3 w10
Limitations of the study This review has some limitations. The number of randomised trials included is small, and the findings of this study might reflect usual clinical practice until 2000 (date of the most recent randomised study in this review). Thus the effect of acute geriatric units compared with conventional hospital units may have changed, as occurred when the results of the first clinical trials of geriatric evaluation and management units were compared with later ones.
w38 However, more recent controlled studies w9 w10 w12 suggest that the differences between acute geriatric units and conventional units may still remain. It could be argued that the lack of randomised controlled trials since 2000 is due to acute geriatric units having become the norm for care, so that there are presently no standard hospital care units with which they can be compared. We do not believe this is the case, however, because acute geriatric units are far from widespread in many settings and countries, 13 26-29 and recent research agendas have explicitly recommended to test the effectiveness of this type of care. 30 In our view the theoretical and practical difficulties of doing these trials might justify the paucity of research in this field. Finally, the studies evaluated do not provide data on the components of the intervention responsible for the benefits observed, nor do they permit us to draw firm conclusions on the effect of acute geriatric units on other relevant outcomes in the medium and long term, except for returning home to live.
Conclusion
In conclusion, acute geriatric units reduce functional decline at discharge and increase the probability of living at home at discharge and at three months after discharge without increasing case fatality or the costs of hospital care. Research should focus on the impact of acute geriatric units on functional decline in the medium term and should try to identify the specific activities associated with this effect. The methodological quality of investigations should also be improved by giving priority to randomised studies, and efficiency should be evaluated not just by carrying out cost analysis but also by calculating cost effectiveness ratios. Finally, larger sample sizes may be needed to evaluate the impact of acute geriatric units on case fatality.
WHAT IS ALREADY KNOWN ON THIS TOPIC
The effect of geriatric assessment has been evaluated in hospital and community settings In older people admitted to hospital with acute disorders, the intervention of consultation teams has not shown clinical or administrative benefits
WHAT THIS STUDY ADDS
Care of older people with acute disorders in acute geriatric units reduces the risk of functional decline at discharge and increases the probability of returning home This benefit is not accompanied by an increase in case fatality, readmissions, or hospital costs
